A processed electroencephalogram (EEG) produced by the Lifescan monitor (Neurometrics), was compared to awake neurological assessment for detecting cerebral ischaemia in seventy patients undergoing carotid endarterectomy under cervical plexus block. Of the six patients demonstrating neurological signs on cross-clamping the carotid, five displayed simultaneous EEG changes, four being detected during surgery, and one being detected after reviewing the EEG postoperatively. Another four patients displayed EEG changes indicative of ischaemia but unassociated with neurological signs. A further patient displayed contralateral intraoperative EEG changes. Hypotension resulted in one EEG change and two cases were associated with technical difficulties with the monitor. The presence of false negatives, possible false positives, technical errors and subjective interpretation associated with the processed EEG make it less reliable than awake neurological assessment for the detection of cerebral ischaemia.
monitoring. An alternative approach, which also places minimal demands on personnel and equipment, is to operate under regional anaesthesia and monitor cerebral blood flow by using awake neurological assessment. 4 The purpose of this study was to compare the processed EEG with awake neurological assessment in patients undergoing carotid endarterectomy. The processed EEG monitor used here was the Lifescan (Neurometrics) which obtains the EEG signal from a two bipolar channel, five-lead system which uses aperiodic analysis 5 to display the processed EEG in graphical form on a high resolution screen. The authors have previously described the use of this machine in patients undergoing carotid endarterectomy under general anaesthesia. 6 Anaesthesia and Intensive Care, Vo/. 17, No. 3, August, 1989 MATERIALS AND METHODS Seventy consecutive patients undergoing carotid endarterectomy under regional anaesthesia were prospectively studied. The patients were premedicated with either omnopon and scopolamine or temazepam and all antihypertensive and anti-anginal therapy was continued on the day of surgery. On arrival in the operating theatre an intravenous infusion was commenced and patients were monitored with continuous ECG and direct arterial blood pressure.
Deep cervical plexus block was performed by injecting lignocaine 1.5% 6 ml with adrenaline 1 :200,000 at the level of the second, third and fourth cervical transverse processes.? The superficial cervical plexus was blocked by infiltrating 10 ml of the same solution at the mid-point of the posterior border of the sternomastoid. Anxious patients were given intravenous diazepam or midazolam as indicated at doses which preserved patient co-operation. Occasionally the surgeon was required to supplement the anaesthesia by direct infiltration with the lignocaine/adrenaline solution. The EEG skin electrodes were attached to the frontal and mastoid areas bilaterally with the reference electrode in the midline frontally. The processed EEG is displayed as two three-dimensional parallelograms with frequency versus amplitude on the X-Y axis and time on the Z axis ( Figure 1 ). Ninety per cent edge frequency (the frequency beneath which 90% of the summated amplitude resides) is displayed as a white line on the roof of each parallelogram. Significant changes in EEG pattern were marked using the event marker, which places a numeric on the time axis indicating such events. These were later retrieved using the monitor's memory and photographed for permanent record and reassessment by an independent observer.
Neurological assessment was performed' intermittently during surgery by observing the patient's state of consciousness and by asking the patient to squeeze the anaesthetist's hand (using the contralateral hand to the side of surgery). In the majority of cases the decision to shunt was made solely on the response to a one-minute trial period of cross-clamping of the carotid system.
RESULTS
The age, sex, indication for surgery, presence of hypertension, cardiac disease and diabetes mellitus are shown in Table 1 .
One patient displayed a decrease in cerebral electrical activity on initial viewing of the EEG screen. This patient had suffered a previous cerebrovascular accident (CV A) with residual left-sided weakness. Six patients showed neurological changes on trial crossclamping of the carotid artery system ( Table  2) ; all of these patients were shunted. Most reproduced the same neurological signs each time flow was interrupted during surgery. As can be seen from Table 2 these ranged from weakness in handgrip alone to complete loss of consciousness. In five of these six cases corresponding evidence of ipsilateral ischaemia was demonstrated in cerebral electrical activity. The administering anaesthetist identified these changes immediately in four cases, but in one case the change was only identified retrospectively at closer inspection of the EEG screen's memory. The remaining case among those patients demonstrating neurological changes at cross-clamping (patient No. 6 -loss of grip strength) showed no accompanying changes in the processed EEG signal. The EEG manifestations of ischaemia were similar to those previously described in patients undergoing carotid endarterectomy under general anaesthesia. 6 These consisted of loss of high frequency activity best demonstrated by the edge frequency line (Figure 1 ). This change was of varying magnitude, being least in patient No. 4 which was not initially seen by the anaesthetist (Figure 2 ).
Four patients showed decreases in cerebral electrical activity unassociated with neurological changes (Table 3) . A further patient showed a contralateral decrease in cerebral electrical activity. This was a 63-yearold male who underwent left carotid endarterectomy for transient ischaemic attacks. Digital subtraction angiography showed minor atheromatous disease at both carotid bifurcations, but no significant narrowing. No neurological change was activity associated with hypotension was seen towards the end of surgery in a patient who became hypotensive in response to protamine. The blood pressure remained below 100 mmHg systolic for six minutes despite the administration of intravenous metaraminol. The cerebral electrical activity remained decreased bilaterally during this period of time (Figures 4, 5, 6 ). In two cases lead displacement or technical faults provided faulty representation of cerebral electrical activity. In one of these the viewing of the raw EEG trace showed that ECG interference was being detected by the processed EEG and was being analysed and presented on the EEG screen.
Postoperative complications are summarised in Table 4 accepted form of monitoring cerebrovascular insufficiency during carotid endarterectomy. However, the use of this monitoring is expensive, time-consuming and requires the attendance of a trained technician. In reality, the use of the standard EEG is beyond the means of most hospitals within Australia performing this increasingly common surgery.
We have compared two practical alternatives to monitoring cerebral perfusion -awake neurological testing and the processed EEG. Both lie within the financial means of most institutions and can be easily used by the anaesthetist.
It should be noted that the detection of cerebral ischaemia by either form of monitoring does not equate with postoperative deficit. None of our patients suffered permanent neurological deficit. The value of such monitoring lies in its ability to predict whether patients should be selectively shunted and, to a lesser extent, verifying the integrity of such a shunt. This is of particular importance as the use of shunts may expose the patient to intimal dissection, air embolism, thromboembolism and thrombus formation. 8 ,9 The correlation between the standard EEG and a decrease in cerebral blood flow has been well established. 10 EEG changes become apparent below 20 ml/IOO g/min, although there is a degree of individual variation. The Lifescan has also been reported to correlate with cerebral blood flow. I I We can find no figures to correlate decreased cerebral blood flow with neurological changes on awake testing. This is not surprising, as measurements of global cerebral blood flow and awake neurological testing are measuring different things. Neurological deficit measures a functional change in susceptible areas of the brain compared to the generalised reduction of flow measured by the EEG. This is particularly true of the processed EEG, which measures a generalised area of brain function due to the wide spacing of the surface electrodes. Regional decrease in flow to a specific area causing functional neurological changes may pass undetected providing global perfusion is maintained. Despite an early report that the processed EEG was an accurate monitor of neurological function, 12 there have now been reports of its failure to detect ischaemia episodes. 13 ,14 This also applies to the standard EEG where awake neurological deficits have occurred without EEG changes and EEG changes have occurred without neurological deficits. 15 Our results show that there was poor correlation between the processed EEG and awake neurological testing in the detection of cerebrovascular insufficiency. This is shown by the one case of neurological deficit on cross-clamping the carotid that showed no EEG change and a further case that showed such subtle changes that they were only evident in retrospect (false negatives). In addition, five cases of documented EEG change were not associated with neurological changes. We do not know if these patients were at risk or whether the EEG results were falsely positive. Global reduction in perfusion must have occurred without jeopardising specific areas causing neurological deficits. If EEG changes alone were used as a criterion for shunting, these patients would have been selectively shunted, exposing them to the possibility of associated complications (see above). As it was, three of the five patients were not shunted and no patient developed neurological deficit. The consequences of false positive results or over-sensitivity of the EEG have not been fully addressed. The claim by Sundt et al. that no patient has yet awoken with a neurological deficit that has not been predicted by standard EEG completely overlooks this aspect. 10 The patient who became hypotensive after protamine administration showed a decrease in cerebral electrical activity that paralleled the fall in blood pressure but displayed no neurological signs. This could be taken as further evidence that generalised diminished cerebral blood flow may not signify neurological change.
Despite the fact that the processed EEG was simple to use and offered continuous rather than intermittent monitoring, we found that it had several limitations in addition to false negative and possible false positive readings. These included that it was prone to subjective interpretative errors despite the fact that it is much simpler to read than the standard EEG. In addition, technical problems arose in two cases due to the leads falling off or interference resulting from the ECG. The use of diathermy also interferes with the monitor. The processed EEG must not be used without the provision for a raw EEG tracing so that the presence of intereference can be visualised and the user can assure himself that the machine is not processing noise.
There were no failures in the 70 cervical plexus blocks, indicating that it is easy to perform, takes little time and fears that the patient would be unco-operative proved unfounded. Although awake neurological assessment tests only gross function it is easy to do, there is little room for interpretative error and the method is not subject to technical problems. However, the monitoring is intermittent and it is generally not appropriate to test the ipsilateral limb which remains by the patient's side during the surgery. There were a wide variety of neurological responses observed ranging from slight weakness of the hand to complete loss of consciousness. However, there was no correlation between the extent of the decrease in cerebral electrical activity and the degree of the neurological change observed. This is probably because the surface EEG electrodes reflect only global changes in cerebral electrical activity and not changes related to particular areas of the brain.
In summary, the presence offalse negatives and possible false positives, technical errors and the subjective interpretation associated with the processed EEG make it unreliable for the detection of cerebrovascular insufficiency despite the attraction of easy use. The simplicity of performing regional block, the high success rate associated with this block and good patient' acceptance leads us to conclude that awake neurological testing is preferable to processed EEG monitoring during carotid endarterectomy. Regional anaesthesia is thus now our preferred anaesthetic technique for this procedure.
